The study was carried out to evaluate the possibilities to control the common pine sawfly Diprion pini L. with the use of plant protection products Mospilan 20 SP (20% acetamipryd) and Trebon 30 EC (300 g etofenprox/l). Aerial insecticide treatments were applied onto experimental plots (100 ha) in Scots pine stands, sprayed with approximately 3 l of spray solution/ha. Mospilan 20 SP at a rate 0.20 kg/ha caused 61%-76% mortality of D. pini larvae, whereas at a rate 0.25 kg/ha -100% larval mortality. Trebon 30 EC aerial treatments at a rate 0.2 l/ha resulted in 100% larval mortality. Study results will be enclosed in the procedure of registration of the plant protection products for use in forestry.
IntroductIon
Outbreaks of the common pine sawfly Diprion pini L. (Hymenoptera, Diprionidae) in pine stands have been observed in the majority of European countries, in the region of Northern Africa (Pschorn-Walcher 1982) as well as in Turkey (Tozlu 2001) , the Caucasus (Supatasvili 1990) and Siberia (EPPO 2013) . Pest larvae feed on Scots pine Pinus sylvestris L., and occasionally -on other pine species (Barre et al. 2002) . This insect species swarms once or twice during the vegetation season (most often in April/ May and July/August). Foliage damage due to feeding larvae, and especially those of the second generation, brings about long-term reduction of wood increment as well as an increase of Scots pine susceptibility to bark beetles and eventually death of infested trees (Langstrom et al. 2001; Kurkela et al. 2005; Augustaitis 2007) .
In Poland, D. pini is one of the most important leafeating pests of Scots pine, in particular in forest stands established on poor sites. In Polish subject literature, D. pini damage was reported for the first time by Brown (1902) who described pest outbreak overstressing the Młoszowskie forests owned by count A.K. Potocki (now the Forest District Krzeszowice, the Regional Directorate of State Forest Kraków). At that time, large-scale manual collection and extermination of larvae were conducted in an attempt to stop the progress of "pine leprosy" (then D. pini common name of).
In for Community action to achieve the sustainable use of pesticides. As a consequence, the majority of then applied pesticides was withdrawn from the market. At the same time, there was excluded a large number of plant protection products used before in Poland's forestry, hence now for D. pini control there is registered only one product -Dimilin 480 SC. In view of the above, the Department of Forest Protection at the Forest Research Institute has undertaken studies on efficacy of insecticides authorized in the EU for use in plant protection with the aim to register them for use in Poland's forests.
The active substance in the plant protection product Mospilan 20 SP is acetamiprid -a neonicotinoid with of a broad-spectrum insecticidal properties against pest insects from several orders (Lepidoptera, Hymenoptera, Hemiptera and Diptera). Neonicotinoids are advantageous for their insecticidal systemic activity, i.e. they are absorbed by plants through leaves or roots and translocated all the way through the vascular system, e.g. up to young developing leaves. Mospilan 20 SP is water soluble powder, systemic, contact and stomach insecticide for control of sucking and chewing insects in agricultural and horticultural crops as well as in orchards and forests.
Etofenprox -the active substance in Trebon 30 EC -belongs to the group of aryl propyl ethers. This is a component of insecticides applied to control aphids and Lepidoptera caterpillars feeding on foliage of orchard, agricultural and horticultural crops. It is also recommended for control of mosquitoes in wetland areas or else impregnation of mosquito-curtains. Trebon 30 EC is formulated as concentrated emulsion soluble in water, which acts on insect nervous system through contact and digestion. This insecticide is not absorbed by plant tissues.
The active substances of both above products are authorized for use in plant protection in the EU. The aim of the present study was to evaluate efficacy of Mospilan 20 SP and Trebon 30 EC tested at different rates so as to be able to register the products and their fixed rates for use in the protection of Poland's forests against D. pini.
MAterIAl And Methods
The study was carried out in accordance with the General Principles of Good Experimental Practices, following European Plant Protection Organization (EPPO) guidelines. The insecticides were applied by means of aircraft equipment onto experimental plots selected in Scots pine stands (tab. 1).
Mospilan 20 In the years 2011 and 2014, in the second half of May, in the Forest Districts Cierpiszewo and Złoczew, respectively, in Scots pine stands threatened by D. pini, there were felled trees onto the sheet (4 × 5 m). Next, pest eggs and emerging 1 st generation larvae were counted in the crowns of the trees. Based on the results of examination, there were selected experimental plots for insecticide spray treatments. In the forest District Solec Kujawski the assessment of D. pini threat (tree felling on the sheet) was conducted on the first days of August 2011. Then insecticide treatments were applied to control the larvae of 2 nd generation. The aerial treatments were performed with the use of AN-2R and Dromader M-18 aircrafts. The insecticides were applied at a rate of app. 3 l of spray liquid per ha. The spray liquid consisted of the insecticide solved in 2 l of water and 1 l of adjuvant Ikar 95 EC. Each experimental trial comprised 3 treatments: (1) sprayed with the insecticide tested, (2) sprayed with the standard insecticide (reference), (3) In the Forest District Cierpiszewo, Rimon 100 EC was used as the reference insecticide. Its active substance -novaluron -belongs to the group of chitin inhibitors. In the rest of the areas treated, there was used Dimilin 480 SC with the active substance diflubenzuron (also chitin inhibitor).
On each treated, reference and control plots, right before the treatments there were selected model Scots pine trees (1 tree/20 ha, in total 15 trees). Under the model trees, there were placed canvas sheets (1 m 2 ) for the collection of dropping down larvae, which was carried out for 2-3 weeks after the treatment. After that, the model trees were cut down on 4×5 m sheet and dead as well as alive D. pini larvae were collected from tree crowns. Pest mortality (%) was calculated based on the results obtained for examined model trees (5 trees/ treatment).
For all the treatments, pest mortality assessed was corrected with Abbott's formula taking into account natural insect mortality:
where: Po -% mortality observed in a given insecticide treatment, C -% mortality in control, P -mortality corrected with Abbott's formula.
The results were statistically tested with ANOVA and the Kruskal-Wallis one-way analysis of variance by ranks using Statistica 10 software (StatSoft). Table 2 presents the summary of the study results on the effect of the insecticides tested on D. pini larvae mortality. In two aerial treatments carried out with the use of Mospilan 20 SP at a rate 0.2 kg/ha, there was observed pest mortality 61.4% and 76.1%, respectively. At the same time, application of the reference insecticide Rimon 100 EC resulted in mortality of more than 90% of larvae. The results obtained provided no basis for starting the registration procedure to authorize The results presented were statistically analyzed. The number of D. pini larvae collected from the model trees were first tested with reference to ANOVA principles. The null-hypothesis that the numbers were normally distributed was tested with the Shapiro-Wilk test. Levene's and the Brown-Forsythe tests were used to assess the equality of variances. The data analyzed did not meet ANOVA requirements, and therefore the Kruskal-Wallis one-way analysis of variance by ranks was used for comparing independent samples. The differences between the means presented in figures are denoted with letters a and b (alive larvae) or A and B (dead larvae). Different letters indicate statistically significant differences. The figures were prepared with the use of Statistica 10 software. 
results

dIscussIon
In natural conditions, D. pini population numbers are regulated mainly by parasitoids, small predatory mammals Heitland 1999, 2003) and entomopathogenic fungi (Głowacka and Świeżyńska 1993) . Nonetheless, natural enemies' activity is sometimes not as much as necessary to prevent increasing pest population and shifting from an endemic density phase into an outbreak phase. Intensive feeding of D. pini larvae leads to serious stand damages resulting in decreased tree increment, bark beetle infestation and increased tree mortality. Therefore, chemical treatments have to be applied to control pest population in Scots pine stands, and above all in those critically threatened by pest outbreak. In Poland, for last 30 years, there have been aerially treated in total 857 thousand ha of forest areas to control D. pini populations cyclically entering the outbreak phase ( fig. 6 ).
In Europe, different formulations of the plant protection product Dimilin containing diflubenzuron have been so far regularly used for control of D. pini (Weil 1979; Winter K. 1979; Adomas 1998; Annila E. et al. 1999; Langstrom et al. 2001; Gawęda 2011 ). There have also been carried out studies on pest larvae sensitivity to plant-derived insecticides (Malinowski 2002 ) and the nuclear polyhedrosis virus (Supatasvili 1990; Skrzecz 2006) , but the results obtained have not so far been applicable in forest protection practice.
Repetitive pest control treatments involving applications of unchanged insecticide result in the selection of a number of the least susceptible specimens, who always occur in abundant outbreak populations due to natural variability. As a result, some kind of pest resistance to a given insecticide can occur on a certain area. In view of that, pest control by means of insecticides with different modes of action is highly recommended.
The positive results obtained in aerial trials carried out in the present study, indicate that Mospilan 20 SP (neonicotinoid) and Trebon 30 EC (aryl propyl ether) can constitute the alternative for Dimilin 480 SC (chitin synthesis inhibitor), which has until now been the only insecticide registered in Poland for control of D. pini. 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 than 61-76% mortality of pest larvae, but when it was applied at a rate 0.25 kg/ha, larval mortality was 100%. 
